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Atty Dkt. No. 027650-948 
CROSS-REFERRNCR TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of copending application Serial 
No. 09/883,247, filed June 19, 2001, which is a contmuation-in-part of copending 
application Serial No. 09/709,419, filed November 13, 2000; which is a 
continuation-in-part of copending application Serial No. 09/446,270, filed March 
29, 2000, the priority of each of which is claimed, and each of which is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to a method and a plant for processing 
milk and, in particular, to a method and a plant for producing a sterile milk 
product. 

BACKGROUND OF THE INVENTION 

[0003] Milk processing typically involves several steps, including separation of 
raw milk into a milk portion and a cream portion, filtering the milk portion to 
form a permeate and a retentate, heating and/or filtering the permeate to reduce the 
number of live microorganisms, heating the cream to reduce the number of live 
microorganisms, recombining the treated cream and treated milk, homogenizing 
the combined milk and cream, and packaging the resultant milk product. 
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[0004] In order to increase the efficiency of milk processing and reduce costs, 
it is desirable that the amount of raw milk lost or discarded during each step of 
milk processing be minimized. 

[0005] Raw milk naturally contains various microorganisms such as bacteria, 
yeast and mold. Additionally, raw milk may come into contact with and retain 
additional microorganisms during storage and transport. These microorganisms 
can contribute to the degradation and eventual spoilage of milk. It is therefore 
desirable to remove or deactivate these microorganisms. 

[0006] Microorganisms such as bacteria can be categorized by size and/or heat 
sensitivity. Heat resistant bacteria are bacteria which can be deactivated by, for 
example, heating to a temperatore of from at least about 140°C to about 150°C for 
about 4 to about 6 seconds as known to practitioners in the art. This category of 
bacteria is normally referred to as spores, and includes bacteria of species Bacillus 
and Clostridium. These bacteria, as defined by their least diameter, are about 
0.5 fjm or larger. The smallest heat resistant bacterium identified in milk by the 
inventor is Bacillus pumilis, which has a least diameter of about 0.5 fjxa. 

[0007] Thermoduric bacteria are bacteria which are deactivated by, for 
example, heating to temperatores of about 100°C for a few seconds, or equivalent 
time and temperature combinations as known to practitioners in the art. The 
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smallest thermoduric bacterium identified in milk by the inventor is 
microbacterium Lacticum, which has a least diameter of about 0.3-0.4 /j.m. Thus, 
these bacteria have a least diameter of about 0.3 /zm or larger. 

[0008] Heat sensitive bacteria are bacteria which are deactivated by, for 
example, heating to temperatures as low as about 72°C to about 75 °C for about 
15 to about 20 seconds, or equivalent time and temperature combinations as known 
to practitioners in the art. The smallest heat sensitive bacterium has a least 
diameter of less than about 0.3 //m. 

[0009] Raw milk also contains natorally occurring enzymes, as well as 
extracellular enzymes produced by microorganisms, such as psychrotrophic 
bacteria, which are typically present in milk. Certain of these enzymes are known 
to be bound to somatic cells which typically have a least diameter larger than about 
0.5 /j.m. These enzymes can also contribute to the degradation and evenmal 
spoilage of milk. 

[0010] It is desirable to remove or deactivate the above types of bacteria and 
enzymes, as well as other microorganisms, in order to prevent degradation of the 
raw milk and/or resultant milk products. Typically, microorganisms and enzymes 
are deactivated by heat treatments and/or removed by filtration of the raw milk. 
The use of heat treatments alone, however, can impart an undesirable cooked 
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flavor to the milk due to the high temperatures (e.g., 140 - 150 °C) required to 
deactivate heat resistant microorganisms. Also, filtration alone does not remove 
all live microorganisms present in the raw milk. 

[0011] Combinations of filtration and heat treatment have been used to provide 
a purer milk product wherein more of the microorganisms are removed or 
deactivated than would occur using either heat treatment or filtration alone. See, 
for example, WO 98/57549 and U.S. Pat. No. 5,935,632. 

[0012] Filtration produces a retentate in which the microorganisms are highly 
concentrated. The concentration of microorganisms in the retentate can be, for 
example, at least about 10 to 100 tunes higher than in the raw milk. This retentate 
typically comprises from at least about 1 % to about 10% of the total incoming raw 
milk. Multiple filtrations of the retentate produce a final retentate in which the 
microorganisms are even more concentrated, but wherein less milk is retained in 
the retentate, typically about 1% or less. See, for example, WO 98/57549. 

[0013] The retentate from filtration can be recycled into the milk or cream 
processing stream as described, for example, in U.S. Pat. No. 5,935,632, wherein 
the retentate is added to the cream portion for processing with the cream, or in 
U.S. Pat. No. 5,683,733, wherein the retentate is added to the milk processing 
stream before the milk processing stream is fed to the separator. In either case. 
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the number of microorganisms in the cream portion or in the resultant milk 
product is increased. The retentate can also be discarded as waste, as described, 
for example, in WO 98/57549. However, this results in a lower yield. 

[0014] There thus remains a need in the art to develop a process by which the 
concentration of microorganisms in the milk product can be reduced while the 
yield or the percentage of raw milk which becomes final milk product is increased. 

SUMMARY OF THE INVENTION 

[0015] It is an object of this invention to provide a process and apparatus for 
producing a sterile milk product that overcomes the deficiencies of the prior 
processes and apparatus. The process in accordance with a preferred embodiment 
of the invention includes: filtering a skim milk portion through a primary filter 
assembly and through a secondary filter assembly. The primary filter assembly 
includes individual filters arranged in series. The individual filters each have a 
microfilter that retains at least a portion of the microorganisms and passes the 
remaining fluid through the filter. Thus, each filter in the series produces a 
permeate stream and a retentate stream. The next filter in the series receives the 
retentate from the preceding filter and produces a permeate stream that contains 
fewer microorganisms and a retentate stream that contains progressively more 
microorganisms. Each filter in the primary filter assembly provides a permeate 
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that has substantially fewer microorganisms than are presented in the skim milk 
portion that is supplied to the first filter of the primary assembly. 

[0016] The permeate stream from the individual filters of the primary filter 
assembly is supplied to a heat treatment operation or other appropriate treatment to 
produce a stable milk product having a long shelf life. 

[0017] The total retentate discharge from the first assembly flows to the 
secondary filter assembly which contains one or more individual filters. In the 
secondary filter assembly, the permeate stream from each individual filter is 
collected and conducted selectively to the supply conduit for the skim milk portion, 
or to the standardization unit, or other suitable processing step. The retentate 
stream from the first filter is fed into the next filter and the retentate from the last 
filter in the second assembly is conducted to an appropriate disposal site. 

[0018] The filters in the second filter assembly preferably have equal or bigger 
pore size than the last filter in the primary filter assembly. The individual filters 
in the primary filter assembly preferably have equal or progressively smaller pore 
sizes from one individual filter to the next in the series. Preferably, the first 
individual filter has a pore diameter that is sufficiently large to retain all 
microorganisms having a least diameter of less than or equal to 0.5 jum. Bacteria 
having a relatively larger least diameter are retained by the filter as the skim milk 
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portion passes through the filter into the permeate stream. The retentate is 
conducted to the next filter. This process is repeated at each filter in the series. In 
this manner, the concentration of bacteria in the retentate becomes progressively 
larger for each filter in the series. In the secondary filter assembly, the individual 
filters have equal or progressively smaller pore sizes from one filter to the next in 
a series, so that additional bacteria is removed and the permeate can be supplied to 
the raw milk stream, or the skim milk portion, or the cream portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Preferred embodiments of the invention are described herein with 
reference to the accompanying drawings in which: 

[0020] FIG. 1 is a flow diagram of the process for forming sterile milk 
according to the invention; and 

[0021] FIG. 2 is a flow diagram of a modified form of the process for forming 
sterile milk according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] The apparatus and process of this invention as described herein produce 
a milk product at high yields wherein the milk product has a reduced concentration 
of microorganisms compared to raw milk. According to a preferred embodunent 
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of the invention, the yield of the process is such that at least about 99% of the 
skim milk portion of the raw milk is processed into a final milk product. More 
preferably, at least about 99.5% of the milk portion and most preferably at least 
about 99.8% of the milk portion of the raw milk is processed into a final milk 
product. 

[0023] Certain terminology as used herein is specifically defined below. Other 
terminology is defined elsewhere within the body of the text. Unless otherwise 
specified, all uses of a particular term are intended to have the meaning set forth 
herein. Undefmed terms have their ordinary meaning as known to practitioners in 
the art. 

[0024] By "sterile" it is meant an absence of microorganisms capable of 
multiplying under prevailing storage conditions. 

[0025] By "stable" it is meant that the milk fraction and/or milk product does 
not degrade noticeably during a specified time period, wherein degradation is 
indicated by a change in flavor and/or texture of the milk product, usually 
accompanied by a change in odor. 

[0026] By "shelf life" it is meant the period of time for which the milk product 
remains stable. 



-9- 

[0027] By "raw milk" is meant untreated milk. Raw milk is separated into a 
cream portion which is a standardized portion of raw milk having a fat content of 
between about 12% and about 65%, preferably about 40%, and skim milk portion 
having a fat content of from about 0.05% to about 0.15%. 

[0028] By "skim milk portion" is meant the mUk portion that is fed into the 
first filter. The skim milk portion can be skim milk (e.g., from the separator) or 
standardized milk provided by the addition of cream to the skim milk from the 
separator. The standardized milk comprises a specified amount of fat, typically at 
least 0.05% fat. 

[0029] By "permeate" is meant the milk portion which has passed through at 
least one filter in the first filter assembly. 

[0030] By "retentate" is meant the milk portion retained by at least one filter in 
the first filter assembly. 

[0031] By "milk product" is meant the milk portion after processing by 
filtration and heating methods, which forms a consumer ready milk beverage or is 
made into another consumer milk product. 
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[0032] As shown in FIG. 1, raw milk 1 to be treated is conveyed by a conduit 1 
to a separator 2. The separator 2 can be a conventional separator, requiring the 
raw milk to be heated to a temperature from about 50°C to about 60 °C. 
Alternatively, a cold separator may be employed at a temperature of from about 
4°C to about 6°C and the raw milk may not be heated before separation. The raw 
milk 1 is separated by separator 2 into cream portion 3 and skim milk portion 4. 
Both the cream portion 3 and the skim milk portion 4 are maintained at a low 
temperature of from about 4°C to about 15 °C if a cold separator is used, or at 
higher temperatures of from about 45°C to about 60°C if a conventional separator 
is employed. Preferably, for ease of production, a conventional separator is used 
and separation occurs at a temperature of from about 45°C to about 60° C, most 
preferably from about 50°C to about 55 °C. 

[0033] The cream portion 3 flows to a standardization unit to form a 
standardized cream portion having a desired fat content. The standardized cream 
portion can be admixed into the skim milk portion before filtration thereof to 
provide the skim milk portion with a desired fat content. For purposes of 
simplicity, the skim milk portion fed into the first filter, whether skim milk or 
standardized milk, will be referred to as the skim milk portion. 

[0034] In the present invention, filtration is preferably conducted at a skim 
milk portion temperature of from about 45°C to about 60 °C, preferably from 
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about 50 °C to about 55 °C. The skim milk portion is supplied through the conduit 
4 to a primary filter assembly 22 comprising multiple filters. In the preferred 
embodiment of Fig. 1, the primary filter assembly 22 has a first filter 5, a second 
filter 6, and a third filter 7. The filters can be made any suitable material (e.g., 
ceramic, glass, polymeric fiber, etc.) or combination of materials known in the art. 
Suitable filtration media include those disclosed in U.S. Patent No. 5,256,437, 
which is hereby incorporated by reference. 

[0035] In a preferred embodiment of the invention, the first filter 5 (Fig. 1) has 
an effective pore size of about 0.5 /um or less, meaning that the first filter 5 is 
capable of effectively separating from the skim milk portion 4 all microorganisms, 
cells, enzymes or other materials which are larger than or equal to 0.5 ^m, 
including all heat resistant bacteria. Effective separation means a reduction in the 
concentration of microorganisms by a factor of at least about 1,000,000, or a 
reduction of about log 6 or greater. Preferably, the concentration of 
microorganisms present in the first permeate, particularly the concentration of heat 
resistant bacteria such as B. Pumilis, as compared to the milk portion 4 is reduced 
by a factor of at least about log 8, most preferably by at least about log 9. 

[0036] For any given filter, the effective pore size may not correspond to the 
actual pore size of the filter. Depending on the type of filter, the actual pore size 
of the filter may be larger or smaller than the effective pore size. The interaction 
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of the various components of the milk with the material of the filter as well as the 
operating conditions during filtration can influence the effective pore size of the 
filter. 

[0037] In an alternative embodiment, the first filter 5 can have an effective pore 
size of about 0.3 //m or less, meaning that the first filter 5 is capable of effectively 
separating from the milk portion 4 all microorganisms, cells, or other materials 
which are equal to or larger than 0.3 /um in diameter, including all heat resistant 
bacteria and all thermoduric bacteria. By the use of such a filter, the number of 
microorganisms, in particular the number of thermoduric bacteria such as 
microbacterium Lacticum, can be reduced by a factor of at least about log 8, 
preferably at least about log 9, most preferably by at least about log 10. Any 
bacteria remaining in the first permeate 9 are heat sensitive. Filtration with a first 
filter 5 having an effective pore size of 0.3 ywm or less can be combined with a heat 
treatment 8 of from about 72°C to about 98°C, as described above. This 
combined treatment can be used to produce a sterile and stable milk product. 

[0038] Although a small effective pore size is desirable in order to retain as 
many undesirable components in milk as possible, too small an effective pore size 
can be detrimental to milk processing. For example, if the effective pore size of 
the first filter 5 is too small, the pores of the first filter 5 can become clogged by 
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the first retentate 10 and the speed of flow of the milk portion 4 through first filter 
5 can thereby be reduced significantly. 

[0039] The skim milk portion 4 is separated by the first filter 5 into a first 
permeate 9 and a first retentate 10. The first retentate 10 can comprise up to about 
90% of the skim milk portion 4, or as small a proportion as 5% of the skim milk 
portion 4. When the first filter 5 has an effective pore size of 0.5 /j-m, the first 
retentate 10 comprises about 70% of the skim milk portion 4 in the case of three 
filters in the primary assembly. This first retentate contains all separated solids 
with a least diameter >0.5 /^m. 

[0040] The first retentate 10 is conducted from the first filter 5 to the second 
filter 6. As with the first filter 5, the second filter 6 is made of any suitable 
material (e.g., ceramics, polymer fibers, etc.) as described above. The second 
filter 6 preferably has an effective pore size that is equal to or smaller than the 
effective pore size of the first filter 5. Thus, when the first filter 5 has an effective 
pore size of about 0.5 /^m, the second filter 6 has an effective pore size of 0.48- 
0.50 Aim. The first retentate 10 is conducted to the second filter 6 which produces 
a second permeate 11 and a second retentate 12. This second permeate 11 
preferably comprises about 35% less of the skim milk portion 4 (with 3 filters in 
the first assembly). The second retentate 12, which preferably comprises less than 
or equal to about 35% of the skim milk portion 4, contains all of the 
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microorganisms, cells, enzymes and the like which are >0.5 /um and which have 
been separated from the skim milk portion 4 by the first filter 5 and from the first 
retentate 10 by the second filter 6. 

[0041] The above percentages for the amounts of the first and second retentate 
are exemplary only. The total amount of retentate from the primary filter 
assembly will vary depending on the number of filters in the primary assembly and 
in the secondary assembly. The total amount will also depend on the addition of 
the amount of permeate from the secondary assembly being fed back into the skim 
milk portion into the primary assembly. The total amount of retentate fi-om the 
primary assembly is preferably less than 5% of the skim milk portion if the 
permeate from the secondary assembly is not fed back and preferably less than 1 % 
if that is not the case. 

[0042] Each filtration concentrates the amount of microorganisms in the 
resultant retentate. The concentration of microorganisms in the first retentate 10, 
for example, can be increased by a factor of from about 2 to about 10 compared to 
the skim milk portion 4. Similarly, filtration of the first retentate 10 can further 
concentrate the microorganisms in the second retentate 12 by a factor of from 
about 2 to about 10. Thus, the concentration of microorganisms in the second 
retentate 12 as compared to the skim milk portion 4 can be increased by a factor of 
from about 4 to about 100. The degree of concentration of the microorganisms in 
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the second retentate can be influenced by various factors such as, but not limited 
to, the area and efficiency of the first filter 5 and the second filter 6. 

[0043] The second retentate 12 is supplied to the third filter 7, which is made 
of any suitable material known in the art, such as is described with respect to the 
first filter 5. The third filter has an effective pore size that is equal to or smaller 
than the effective pore size of the second filter 6. For example, when the effective 
pore size of the second filter 6 is 0.48-0.50 ptm, the effective pore size of the third 
filter is preferably about 0.46-0.50 /j.m. The third retentate 13 that is produced by 
the third filter preferably comprises less than about 1-5% of the skim milk portion. 
Although the primary filter assembly 22 contains three successive filters, one or 
more filters can be included in the primary filter assembly, the use of these filters 
provides a reasonable balance between the effectiveness of removing 
microorganisms and the cost of installation and operation of the system. 

[0044] The filters 5, 6 and 7 of the primary filter assembly 22 can each 
comprise one or a plurality of filters. The number of filters can be chosen based 
on various factors known in the art, including, but not limited to, the quality of the 
raw milk portion and the efficiency which is obtained with filter 5. 

[0045] The permeates 1 1 and 14 from the second and third filters flow into the 
permeate stream 9 from the first filter 5 for subsequent heat treatment 8. This heat 
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treatment is preferably conducted at a temperature of from about 90°C to about 
105 °C. A combined filtration/heat treatment process of this type is described in 
WO 98/57549, and in co-pending U.S. Patent Application No. 09/709,419, filed 
November 13, 2000, both of which are hereby incorporated by reference in their 
entirety. By using a combination of filtration and heat treatment, a milk product 
which is sterile and preferably stable can be obtained. 

[0046] The retentate from the last filter in the primary filter assembly 22, 
which in the preferred embodiment is the retentate discharge 13, is conducted to a 
secondary filter assembly 23 which comprises at least one filter or two or more 
filters in series. The first filter 15 produces a first permeate 16 and a first 
retentate 17. The first retentate 17 is fed to the second filter 18 which produces a 
second permeate 19 and a second retentate 20. The first and second permeate 
steams 16 and 19 are combined and preferably are supplied to the skim milk 
portion. The second retentate stream 20 is discarded, as indicated schematically at 
21. 

[0047] The filters 15 and 18 that are contained in the secondary filter assembly 
23 preferably have equal or larger pore size than the last filter 15 in the primary 
filter assembly, as described above for the filters of the primary filter assembly. 
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[0048] The system incorporating the primary filter assembly 22 and the 
secondary filter assembly 24 are intercormected by the conduit 13. However, it 
may be desirable under certain conditions to operate only the primary filter 
assembly 22. A valve 30 in the conduit 13 is arranged to stop the flow through the 
conduit 13 to the secondary filter assembly 23, and to divert the retentate flow to 
the discard location 21 through a conduit 31. 

[0049] An alternative system is shown in FIG. 2. The permeate streams 16' 
and 19' are conducted to a valve 25, which in a first position directs the flow of 
the permeate fi-om the secondary filter assembly 24 to the cream portion 3 by a 
conduit 26, upstream from the standardization unit 27. When the valve 25 is in a 
second position, the permeate steam is conducted directly to the raw milk supply 
conduit 1 through a conduit 28. When the valve is in a third position, the 
permeate steam is directed to the skim milk portion through a conduit 29. 

[0050] By combining the permeate steams 16' and 19' with the skim milk 
portion 4 in this manner, a diluted milk portion with a lower concentration of 
microorganisms than the skim milk portion 4 can be produced. Because the 
concentration of microorganisms in the diluted milk portion is lower than the 
concentration of microorganisms in the milk portion 4, the load on the filters of the 
primary filter assembly 22 can be reduced. Thus, recycling of the permeate 
through the conduit 29 into milk portion 4 can actually reduce the load on filters of 
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the primary assembly, thereby extendmg the production time between cleaning of 
these filters and thereby reducing production costs. 

[0051] While not wishing to be bound by theory, it is believed that 
homogenization of the retentate 13 from the prunary filter assembly 22 can reduce 
the particle size of the milk components, such as fats and proteins, in particular 
casein, which can become aggregated during filtration. Homogenization can break 
up these aggregated milk components to form smaller particles which are more 
easily filtered in the secondary filter assembly. 

[0052] While the invention has been described with reference to preferred 
embodiments and specific examples, it is to be understood that variations and 
modifications can be resorted to as will be apparent to those skilled in the art. 
Such variations and modifications are considered to be within the purview and 
scope of the invention as defined by the claims appended hereto. 



